SUMMARY Eighty-five survivors who left hospital after pulmonary autograft replacement for severe aortic regurgitation have been followed critically. Five patients died in the first five years and 80 were followed for six to 11 years. Important aortic regurgitation occurred only early and was always related to technical malpositioning of one autograft cusp. Seven patients with fascial pulmonary valves had problems, requiring removal in four. There was a small (2%) morbidity from the right sided homograft and six were removed five to seven years later for progressive calcification; three of these had been irradiated. Despite a high incidence of trivial diastolic murmurs this valve replacement is still preferred for young patients without dilated aortic roots since the survivors remain well, with excellent, maintained relief of outflow obstruction, without problems from haemolysis and thromboembolism, and without deteriorating autograft function or need for anticoagulants. Histology of five autografts examined up to seven years after operation has shown normal living architecture.
The use of biological valves for aortic valve replacement has been well established (Ross, 1962; Barratt-Boyes, 1964; Barratt-Boyes et al., 1969) and in many ways they have been shown to be superior to prosthetic valves particularly when long-term anticoagulant therapy is undesirable. The longest experience has been with the cadaveric aortic homograft but even with better techniques of sterilisation there have been occasional problems with degeneration and infection. An alternative and theoretically ideal valve replacement is the patient's own pulmonary valve (pulmonary autograft) (Ross, 1967 'Research Secretary initially supported by a one-year grant from the British Heart Foundation and subsequently by an anonymous donor.
Received for publication 8 March 1979 Subjects and methods Between July 1967 and July 1972 ( (Ross, 1967; Gonzalez-Lavin et al., 1970 returned a month later with acute severe aortic regurgitation, requiring immediate reoperation which showed that the cusps had torn away from the frame; this was the only frame mounted autograft in the series. By the end of the third postoperative year, 10 (12%) had important autograft regurgitation but the incidence has not increased since ( Fig. 2A) . Of these 10 patients, nine have required reoperation; in four the valve was repaired or repositioned and in five it was replaced. The remaining one with torrential regurgitation refused surgery and is alive nine years later leading a sedentary life.
INCIDENCE OF DIASTOLIC MURMURS
Excluding the 10 with serious autograft regurgitation, immediate diastolic murmurs were noted in 38 patients (44%) in the first three postoperative years (Fig. 2B ). In 13 (15%) where there was some pulse alteration or aortic regurgitation was shown by angiography, the murmur was obviously caused by mild to moderate aortic regurgitation. In 25 (29%), the faint murmur was not associated with other signs and it was uncertain clinically whether it was the result of pulmonary or aortic regurgitation unless investigation had designated the origin (Fig. 2B) . In 27, these murmurs appeared in the first year, eight more developed murmurs in the second year, and the rest in the third (see Fig. 6 ). There has been no increase in the incidence of diastolic murmurs after the third year. All the patients in this group are asymptomatic and not requiring treatment.
PROBLEMS RELATED TO PULMONARY VALVE REPLACEMENT
In the eight patients who had their right ventricular outflow tracts reconstructed with fascia lata the results were obviously unsatisfactory (Ross and Somerville, 1971) (Fig. 3) . Of these patients, four have already had their valves replaced and one is awaiting reoperation for severe right outflow tract obstruction. Another patient had a pulmonary embolism after an episode of infective endocarditis and, since he had no autograft regurgitation and there was no systemic emboli during his illness, it was assumed that the infection took place on the already stenosed fascial valve. One patient died while awaiting surgery for significant stenosis and regurgitation of his valve. Only one patient with a fascial pulmonary valve is well and without any problems. In all patients reoperated on, the fascial cusps were completely fused and reduced to a thick narrow fibrous ring.
When aortic homografts have been inserted in the pulmonary position, sterilised by physicochemical methods up to 1969 and thereafter with antibiotic solutions (Longmore et al., 1966; Yacoub and Kittle, 1970; Lockey et al., 1972; Al-Janabi and Ross, 1973) , the incidence of complications has been low (Fig. 3) . Two had early problems requiring reoperation ( A further six patients required reoperation for homograft dysfunction. Calcification and rigidity of the cusps was found in five and one cusp was detached from the calcified wall in one. Three of these homografts were replaced and three were able to be repaired using a unicusp homograft. They had been sterilised by ethylene oxide and freeze dried in three, irradiation and freeze dried in two, and by the combination of both methods in the remaining one.
Calcification of the right sided homografts was radiologically detected in 22 patients (28%) but it was not evident before the second postoperative year (Saravalli et al., 1979) and not associated with haemodynamic problems in 16.
REOPERATIONS
Seventeen patients have had reoperation one to 10 years after the original surgery (Table 2) . Seven (41%) were reoperated on in the first three years and 10 in the remaining years of follow-up. Five patients were reoperated on for isolated autograft regurgitation, six for problems related to the pulmonary valve replacement, and a further six for the combination of right and left sided problems (Table 2 ). The original autograft has had to be removed in seven patients, of whom five are still surviving with another valve (see Fig. 6 ). In most of these cases, the histological study of the autograft has persistently showed a striking conservation of the valvular tissue up to seven years after implantation. Elastic layers were shown to be preserved and normally arranged and large amounts of living cells were present among them (Fig. 4) . There has been no sign of calcification or endocardial or medial thickening. This remarkable histology was also found when autografts from necrospy specimens could be examined. The only exception to this has been one case in which a woody inflammatory process had taken place in the autograft root, involving its cusps, in a patient who had infective endocarditis three months after the original operation.
REINVESTIGATION
There has been no established policy regarding reinvestigation in view of the difficulties of getting patients from long distances back into hospital.
However, 54 (63%) out of the 85 reported patients have had haemodynamic studies three weeks to eight years after operation. Twenty-nine were catheterised during the first postoperative year, 22 as a routine test to assess surgical results, and seven because of the appearance of complications or evaluation of residual lesions. Thirteen patients had a second postoperative catheterisation eight months to eight years after the first one. This was performed in 12 cases because of changes in the clinical state.
All investigations included measurement of gradients across the right and left ventricular outflow, right and left ventricular angiography, aortography, and pulmonary artery arteriography.
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higher than 12 mmHg found. A trivial degree of autograft regurgitation was assessed in 35 asymptomatic patients. However, the degree of regurgitation found at the first investigation had not increased in the 13 patients who underwent a second study. In all patients who have not shown signs of important regurgitation because of graft malposition, routine aortography showed normal looking aortic root with normal opening and closing of pliable autograft process involving the whole aortic root with subsequent involvement of the autograft cusps developed, causing severe regurgitation which also necessitated reoperation. In the remaining four cases, after treatment of the illness, significant clinical changes did not appear. Of these seven patients, two had already had infective endocarditis before surgery.
One patient has been living for seven years with a pacemaker because of complete heart block dating It is accepted that this is a technically more difficult, demanding, and time-consuming operation than others used for aortic valve replacement and as such must carry a higher initial mortality. However dexterous the surgeon, the procedure may not be possible in many centres because of lack of homografts, funds, or excess numbers of patients.
In eight young patients referred specifically for pulmonary autograft, it could not be undertaken because of minor congenital abnormalities in the pulmonary valve.
In favour of the procedure is that we have shown that the normal pulmonary valve can function normally for a decade and in those few examined histologically, it retains the features of 'living' tissue. The technical problems are mainly solved and we believe from our studies that this is the operation of choice in young patients with good left ventricular function, a normal pulmonary valve, and no aortic root dilatation or autoimmune disease.
